 (Prange et al., 1962; Caldwell et al., 1965; Linden et al., 1971; Bergman et al., 1973; Sue et al., 1982 
Results

Observation of the intramural nerves of the gallbladder
Using the osmium tetroxide zinc-iodide method (Sutherland , 1963) , intramural nerves of the gallbladders of the guinea-pig, hamster and mouse were stained uniformly black. The background tissue of the intramural nerves was a yellowish-brown. The underlayer of this background tissue was a mucosal layer which was stained deep black . This mucosal layer was scraped off in our experiment as stated in the "Materials and Methods" section . Black-stained intramural nerves of various animal gallbladders were observed as follows . Many ganglia involving several nerve cells were observed in the wall of guinea-pig gallbladder which served as a control in our experiment.
The ganglia varied widely in shape and size . Ganglia and connecting nerve bundles formed an irregular network ( B. blood vessel, G: ganglion, NB: nerve bundle in the ganglionated plexus , PN: perivascular nerve, Bar: 100 pm plexus was observed in the guinea-pig gallbladder wall. The perivascular nerves which run parallel to and around blood vessels in the guinea-pig gallbladder wall were also observed in the same layer that contained the ganglionated plexus (Fig. 1) . The perivascular nerves were not possessed of ganglia.
The perivascular nerves which run parallel to and around blood vessels in the hamster and mouse gallbladder walls were also observed ( Fig. 2 and 3 ). Neither of these animals' perivascular nerves were possessed of ganglia. Nerve plexuses in hamster and mouse gallbladder walls were observed in the same layer that contained the perivascular nerves, but restricted to the vicinity of the perivascular nerves ( Fig. 2 and 3 ). Neither animal nerve plexuses were possessed of ganglia. That is to say, neither ganglionated plexus nor ganglia were observed in the hamster and mouse gallbladder walls.
Spontaneous motility of hamster and mouse gallbladders
Two types of the irregular spontaneous motility were observed. In 52 out of 58 hamsters and 44 out of 50 mice, the gallbladder showed Type I spontaneous motility. In the other 6 hamsters and mice, it showed Type II spontaneous motility. Type I, in the case of the hamster gallbladder, was as follows: Spontaneous motility was very small in amplitude, gallbladders were electrically stimulated, as shown in figures 7 and 8, contractile response began, reached a maximum, began to relax, and then returned to the original base line . The length of time required for this process, that is , the duration of the contractile response, was very long (8 to 15 minutes) when either hamster or mouse gallbladders were stimulated electrically with pulses of 4, 5 or 6 msec duration. (Alexander, 1940 ; Burnett, et al., 1964; Sutherland, 1966 Sutherland, , 1967 Miyazaki and Onda, 1980 ; Cai and Gabella, 1983; Yoshida and Tsuruta, 1988 In the present study, the responses of the hamster and mouse gallbladders to electrical stimulation were examined using electrical stimulation with pulses of durations of 0 .5, 1, 2, 3, 4, 5 and 6 msec. In most of either hamsters and mice, the gallbladder showed little response to stimulation with pulses of such a short duration as 0 .5 or 1 msec, while they produced remarkable contractile response to stimulation with pulses of such a longer duration as 4 , 5 or 6 msec ( Fig. 7 and 8) . Results of pharmacological analysis on these electrical stimulation-induced contractile responses were as follows: Atropine and tetrodotoxin showed little inhibitory effect on the contractile response of hamster and mouse gallbladders induced by the stimulation with pulses of duration of 0.5, 1, 2, 3, 4 and 5 msec but rather frequently increased it ( Fig. 9 and 10) . But those increasing effects were not statistically significant of the difference from the control as mentioned in the result section. That is to say, contractile responses of the hamster and mouse gallbladders induced by electrical stimulation with pulses of durations of 0 .5, 1, 2, 3, 4 and 5 msec were little affected by either atropine or tetrodotoxin.
It is therefore reasonable to conclude that the contractile responses of the hamster and mouse gallbladders induced by electrical stimulation with pulses of durations of 0.5, 1, 2, 3, 4, 5 and 6 msec are not mediated by an effect of the current on the intramural nerves of the gallbladder , but are mediated by a direct effect of the current on the muscle of the gallbladder. That is to say , no contractile response mediated through the intramural nerves of a gallbladder was observed in either hamster or mouse. These animals' gallbladders likely do not contain the nerves that take part in the contractile response of a gallbladder. In this way their contractile response differs significantly from that in the guinea-pig and rabbit mentioned above. It is noteworthy , moreover, that stimulation with pulses of durations of 4, 5 and 6 msec ( Fig . 7 and 8 ) produced contractile response relatively very long in duration. That is, the duration time was approximately from 8 to 15 minutes in the cases of both hamster and mouse . It is, therefore, possible that electrical stimulation-induced contractile response in the hamster and mouse gallbladders is not mediated by the direct effect of the current on the muscle of the gallbladder alone .
There is a possibility that some substance other than a neurotransmitter is released from the wall of gallbladder under electrical stimulation, its substance acts on the muscle in the wall of the gallbladder and play a role in increasing contractile response . This possibility will need to be clarified in further experiments. We are now conducting further studies on this possibility .
As mentioned earlier, no ganglionated plexus or ganglia were observed in the subserosal layer in the walls of either hamster or mouse gallbladders . Both spontaneous motility and electrical stimulation-induced contractile response in both gallbladders were little affected by the presence of either of atropine or tetrodotoxin, which are known to block the nervemediated response. Very long duration of contractile response was, moreover , mediated by electrical stimulation. These results suggest that hamster and mouse gallbladders likely do not contain the nerves that take part in the movement of the gallbladder . The contractile response of hamster and mouse gallbladders is probably myogenic rather than neurogenic in its control. It is possible, however, that some substance other than a neurotransmitter in the hamster and mouse gallbladder walls may be related to the control of the gallbladder's contractile response, although further study will be necessary to verify this suggestion .
